Stathmin slows down guanosine diphosphate dissociation from tubulin in a phosphorylation-controlled fashion.
Stathmin is an important protein that interacts with tubulin and regulates microtubule dynamics in a phosphorylation-controlled fashion. Here we show that the dissociation of guanosine 5'-diphosphate (GDP) from beta-tubulin is slowed 20-fold in the (tubulin)(2)-stathmin ternary complex (T(2)S). The kinetics of GDP or guanosine 5'-triphosphate (GTP) dissociation from tubulin have been monitored by the change in tryptophan fluorescence of tubulin upon exchanging 2-amino-6-mercapto-9-beta-ribofuranosylpurine 5'-diphosphate (S6-GDP) for tubulin-bound guanine nucleotide. At molar ratios of stathmin to tubulin lower than 0.5, biphasic kinetics were observed, indicating that the dynamics of the complex is extremely slow, consistent with its high stability. The method was used to characterize the effects of phosphorylation of stathmin on its interaction with tubulin. The serine-to-glutamate substitution of all four phosphorylatable serines of stathmin (4E-stathmin) weakens the stability of the T(2)S complex by about 2 orders of magnitude. The phosphorylation of serines 16 and 63 in stathmin has a more severe effect and weakens the stability of T(2)S 10(4)-fold. The rate of GDP dissociation is lowered only 7-fold and 4-fold in the complexes of tubulin with 4E-stathmin and diphosphostathmin, respectively. Sedimentation velocity studies support the conclusions of nucleotide exchange data and show that the T(2)S complexes formed between tubulin and 4E-stathmin or diphosphostathmin are less compact than the highly stable T(2)S complex. The correlation between the effect of phosphorylation of stathmin on the stability of T(2)S complex measured in vitro and on the function of stathmin in vivo is discussed.